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T a b l e  10. I n f l u e n c e  o f  t h e  â g e  o f  t h e  p l a n t s  o n  n o d u l a t i o n .
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A g e  o f  t h e  
p l a n t s  
( d a y s )
A m o u n t  o f  
n o d u l e  m a t e r i a l  
( m g )
N u m b e r  o f  
n o d u l e s  o n  
t h r e e  p l a n t s
1 0 0 9+md 1 9 3 7
1 0 o 1 3 0
5 0 1 0 0 0
0.1 0 0 0
0 . 0 1 0 0 0
1 0 0 0 3 3
1 0 0 0 0
6 0 1 1 0 0
0.1 0 0 0
0 . 0 1 0 0 0
1 0 0 (5 5 3
1 0 1 0 0
9 0 1 0 0 0
0.1 0 0 0
0 . 0 1 0 0 0
1 0 0 0 1 0
1 0 0 0 0
1 1 0 1 0 0 0
0.1 0 0 0
0 . 0 1 0 0 0
In  p lan ts  older th a n  50 d ay s  n o d u la tio n  decreased  sharp ly , b u t  in a 
second e x p e r im e n t  70-day-old p la n ts  showed v e iy  good n o d u la tio n  (equa l­
ling t h a t  of th e  “ 5 0 -d ay -p lan ts“ of e x p e r im e n t  I), w hereas  77-day-old 
p la n ts  were h a rd ly  n o d u la te d  (like th e  “ 1 1 0 -d ay -p lan ts” o f ex p e r im e n t  I).
The results show unequivocally tha t the age of the plant has an influ­
ence on nodule formation. I t  is not clear, however, what age is optimal 
for nodulation. The main reason for the divergent results of the two 
series of experiments is th a t the plants were cultivated in the greenhouse, 
where climatological conditions vary strongly during the year. Therefore, 
the age of the plants is not the best parameter for the condition of such 
plants at the moment of inoculation. These experiments will be repeated 
next year with plants cultivated in phytotrons to eliminate the variation 
in climatological conditions.
6.3. THE INFLUENCE OF TRAMPLING AND SOIL COMPACTNESS ON THE 
DISTRIBUTION OF SOME PlantCKjO SPECIES (C. W. P. M. Bloill)
6 .3 .1 .  I  ntroduction
One of the subjects of the ecological research in the dune areas on 
Voorne and Goeree concerns the influence of recreation and grazing on
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th e  vege ta tion . T he  chines in these  regions are u n d e r  s trong  recrea tional 
pressure , and , in ad d it io n ,  g raz ing  was s ta r te d  a n u m b e r  of years  ago as 
a form  of m a n a g e m e n t .  One effect of b o th  rec rea tion  an d  g raz ing  is 
t ra m p lin g  of th e  v eg e ta tio n , w hich  is accom pan ied  by  com paction  of th e  
soil.
T he  a im  of th is  s tu d y  is to  d e te rm ine  th e  influence of th e  soil c o m p a c t­
ness on th e  d ev e lo p m en t of th e  n a tu ra l  v e g e ta t io n  an d  on th e  d is tr ib u tio n  
o f some p la n t  species. To o b ta in  an  im pression of th e  influence of soil 
com pactness , som e in d ica tiv e  Plantacjo species were chosen for in v es ti­
ga tion , because  soil com pac tness  is th o u g h t  to  be of im p o rtan ce  for th e  
d is t r ib u t io n  of these  species.
A synecological field s tu d y  is ex p ec ted  to  p rov ide  a  basis for th e  fo rm u ­
la tion  of a  w ork ing  h y p o th es is  concerning th e  d is tr ib u tio n  of p la n t  com ­
m un ities  inc lud ing  Plantacjo species, an d  co n co m itan t  ex p e r im en ta l  w ork  
w as s ta r te d  in 1971. Some aspec ts  of th e  synecological s tu d y  a n d  th e  
m e th o d s  an d  p re l im in a ry  resu lts  of th e  ex p e r im en ta l  s tud ies  are described 
here.
Some of th e  d u n e  g rass land  v eg e ta t io n s  of Voorne a n d  Goeree are 
exposed  to  severe rec rea tio n a l p ressu re  or g razing , m a in ly  by  cattle . 
R ec rea tio n  ta k e s  p lace on th e  H everingen , an  old g rass land  fo rm a tio n  
in th e  dunes  o f Voorne, a n d  g raz ing  occurs, for ins tance , on th e  West- 
duinen  011 Goeree. T he  synecological s i tu a t io n  is being s tu d ied  m ain ly  in 
those  areas. T h is  field w ork  can  be briefly described  as follows.
T he  v eg e ta t io n  o f sam ple  p lo ts  is described  a n n u a l ly  b y  m eans  of th e  
B ra u n -B la n q u e t  m e th o d . T he  p lo ts  were selected m a in ly  along p a th s  w here 
Plantacjo species are p resen t.  T he  aim  is to  o b ta in  an  im pression o f th e  
connection  b e tw een  th e  Plantacjo species an d  o th e r  p la n t  species in r e ­
la tion  to  ed ap h ic  fac to rs  such  as t ra m p lin g  an d  soil com pactness .
A n o th e r  a sp ec t  o f th is  field w ork  is th e  analysis  of seasonal p e r io d ity  
a n d  f lu c tu a tio n  of th e  species in th e  d ifferen t localities in re la tion  to  
d ifferen t soil charac te r is t ics .
In  th e  fu tu re  th e  sh o o t/ro o t ra t io  o f th e  species u n d e r  considera tion  
will be d e te rm ined . As a n  exam ple , T ab le  11 shows th e  resu lts  of th ree  
v eg e ta t io n  ana lyses  m ad e  in th e  W estduinen  a rea , i.e. on a ca tt le  p a th  
(plot I), ju s t  beside th is  p a th  (plot I I ) ,  an d  on a slight slope (plot I I I )  
close to  these  plots.
6.3.3. E xperim ental work
6.3.3.1. M ateria l a n d  M ethods
To in v es tig a te  th e  re la tio n sh ip  be tw een  th e  d is tr ib u tio n  of p la n t  species 
a n d  various  en v iro n m e n ta l  cond itions  a  d is tinc tion  m u s t  be m ad e  betw een  
th e  g e rm in a tio n  a n d  th e  d ev e lo p m en t o f th e  seedling. In  th is  research
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T ab le  11. V eg e ta tio n  ana ly sis  perfo rm ed  in th e  W es td u in en  a re a  o f Goeree (1972)*
I .  P lo t  on a  c a t t le  p a th .
I I .  P lo t  ju s t  beside th is  p a th .
I I I .  P lo t  on a s lig h t slope close to  th e  p lo ts  I  en  I I .
P lo t  nr. I l l
Size o f th e  p lo t  in cm 30 X  150 50 X  150 50 X  1
C over h e rb  la y e r  in % 60 100 100
C over m oss la y e r  in % 5 10 30
H e ig h t  h e rb  lay e r  in cm 3 7 20
T ra m p lin g  ( +  p re s e n t ;  4: so m e tim es ; — ab sen t) I a. --
Flantago lanceolata V I 2
Plantago m ajor 3 1
Plantago coronopus r 1
Potentilla anserina + + +
B eilis  p eren n is 9éJ 9 9
T r i  fo lium  m i cranthum + 1 1
Cera-stium arvense + + +
Carex panicea 1 3 2
Carex fiacca 1 + +
#
A grostis  tenu is 2 1 2
A  n th oxa n th urn od or a turn + 2 2
T r i  fo lium  repens 2 1
R a n u n cu lu s  acris + +
Spergularia  rubra + +  1
L in u m  catharticxim r 1“T
Radiola  linoides r r
Potentilla erect a ■+■ +
Festuca rubra 1 2
B r i  za media 1 4-
Sieg ling ia  decum bens 2 -f
L u zu la  cam pestris + +
B hytid iadelphits  squarrosus 1 2
B rachythecium  albicans  
Species n o t  inc luded  here :
4-1 2
I. Festuca ovina  + »  Foa pra tensis  + .
I I .  Plantago interm edia  r, H iera ch iu m  pilosella  + ,  Hydrocotyle vulgaris  2, Hy p o -  
chaeris radicata  -j-, Lotus corniculatus  + ,  I^eontodon nud icau lis  - f  » G erastium  
holosteoides - f , Crepis b iennis  1, Viola rupestris  -f-, Car ex nigra  + ,  Car ex triner- 
vis  1, A grostis  stolonifera  -f-.
I I I .  L otus  corniculatus  2, E u p h ra s ia  officinalis 2, P o ly  gala vulgaris  1, R a m e  x  + »  
H  ypocha eris radicata  2, O rnithopus p erp u s illu s  + ,  R a n u n c u lu s  bulbosus -f-, 
Viola rupestris  + ,  Crepis capillaris  r, T ara xa cu m  erythrosperm um  -f*, C ynosurus  
cristatus  -f-, Carex nigra  4-, A grostis  stolonifera  - f , Carex arenaria  + ,  C ladonia  
rangiform is  -{-.
* S ym bols  : r  :
-4-
I
1 : 
2 : 
3:
1-5 specim ens.
5 -100  sp ec im en s; basa l covering  
m a n y  spec im ens; basa l covering  
basa l covering  5 -2 5 % . 
basa l covering  2 5 -5 0 % .
1-5 %
1-5%.
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period  th e  influence o f soil com pactness  w as s tu d ied  m a in ly  on th e  basis 
of th e  g e rm in a t io n  o f seeds of Plantago major, Plantago lanceolata, an d  
Plantago coronopus, all collected 011 V oorne a n d  Goeree in 1971, as well 
as th e  g e rm in a t io n  o f seeds of Plantago media collected in Z u id -L im burg  
in  1972.
T he  seeds were s to red  in envelopes a t  room  te m p e ra tu re .  G erm in a tio n  
occurred  in p las tic  boxes (3 7 x  2 9 x  10 cm) filled w ith  san d  o rig ina ting  
from  th e  o lder dunes  (hum us c o n te n t  a b o u t  0 .5 % ; p H  ±  9). T he  te s ts  
were carried  o u t  in th e  greenhouse  of th e  Biological S ta t io n .  T he  su b s tra te  
w as chosen because  all of th e  m en tio n ed  Plantago species e x c ep t  media 
are n o rm a lly  p re se n t  on th e  older dune  sand . Plantago media w as included  
to  p e rm it  com parison  of th e  Plantago species occurring  in th e  dunes  w ith  
a p la n t  species o r ig in a tin g  from  a n o th e r  area.
T h e  following t r e a tm e n ts  were applied . T h ree  series were p re p a re d :  
in series A th e  soil w as n o t  co m pac ted , in series C th e re  w as a m ax im al 
com paction , a n d  in series B m o d e ra te  com paction . C om paction  of th e  soil 
w as ach ieved  b y  ra m m in g  dow n th e  su b s tra te .  Soil com pac tness  w as 
d e te rm in e d  b y  m e a su re m e n t  o f th e  soil res is tance  w ith  a p en e tro m e te r .  
T he  soil re s is tance  in th e  u p p e r  2 cm was 0 k g /cm 2 in  series A, 5 k g /cm 2 
in  series B, a n d  10 k g /cm 2 in series C. T he  p e rcen tag e  o f w a te r  in th e  
s u b s t ra te  w as k e p t  c o n s ta n t  d u r in g  th e  ex p er im en ts .  I n  each  box tw o  
p la n t  species were sow n (200 seeds o f each  species).
For the controls, the seeds were placed on wet filter paper in petri 
dishes which were held in the dark in the greenhouse. The substrate 
and the filter papers were kept moist with distilled water. In the green­
house the day temperature was about 27° C and the night temperature 
about 22° C.
6.3.3.2. Results
T he  resu lts  of these  g e rm in a tio n  ex p e r im en ts  are  show n in Fig. 3 
(m ean values o f tw o  experim en ts) .  I n  to ta l ,  th e  g e rm in a tio n  of 400 seeds 
p e r  p la n t  species w as s tud ied . T he  g e rm in a tio n  p e rcen tag e  show ed no 
v a r ia t io n  d u rin g  th e  whole of 1972, ex cep t for Plantacjo major. T he  g ra p h  
of P. major show s th e  resu lts  o f tw o  ex p erim en ts ,  one carried  o u t  in 
A u g u s t  a n d  th e  o th e r  in O ctober, b o th  p e rfo rm ed  in tr ip lica te .
6.3.3.3. Discussion
T he m ax im a l g e rm in a tio n  p e rcen tag e  an d  th e  g e rm in a tio n  r a te  o f th e  
Plantago seeds differ be tw een  th e  su b s tra te s  w ith  d ifferen t com pactness . 
I n  general, th e  seeds 011 th e  d u n e  soils w i th o u t  co m p ac tio n  show ed th e  
h ig h es t  g e rm in a t io n  p e rcen tag e  an d  m ax im a l g e rm in a tio n  was reach ed  
sooner t h a n  in th e  o th e r  series.
The lowest germination was generally obtained in the dune soils with 
the highest penetrometer resistance. For Plantago major, the difference 
between the maximum germination in series A (no compaction) and
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Fig. 3. Influence of soil compactness on the germination of four Plantago species
Series A: Soil resistance 0 kg/cm2.
Series B : Soil resistance o kg/cm2.
Series C: Soil resistance 10 kg/cm2.
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series B (soil resistance 5 kg/cm2) was significant, and similar differences 
were found for Plantago media between series A and C and B and C 
(Z2-test by Fischer; P<0.05).
Germination of the seeds of Plantago major and Plantago media proved 
to be season dependent: in the winter under laboratory conditions these 
species showed no germination. The experiments will be continued at 
other times of the year and under additional conditions, for instance 
varying soil compactness during germination, and the direct influence 
of trampling will also be investigated.
J .  W .  WOLDENDORP
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